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1. INTRODUCTION 

White light-emitting diodes (WLEDs) are commonly employed and have attracted numerous 
commercial attention as solid-state illuminations as they have extended lifespan, small power consumption, 
tiny size, and environmental friendliness [1], [2]. Creating a merger between one blue InGaN chip and 
yellow-color YAG:Ce would be now the most popular method to generate white illumination [3]. Without 
sufficient red illumination, such a type of white radiation has a small hue rendering indicator (CRI ~ 70-80) 
as well as a huge correlated hue temperature (CCT~7500 K) [4], [5]. Many scientists have been studying red 
phosphors that are triggerable using blue lighting in recent years. The phosphor-transformed WLEDs could 
have poor correlated color temperature (CCT) and elevated colour rendering index (CRI) using these 
phosphors such as NasLn(MoOQ,)4: Eu** (Ln=La, Gd, Y) [6], CaS: Eu?* [7], CaAlSiN3:Eu?* [8], and 
K2SiF¢:Mn** [9], [10]. Unfortunately, there are two primary issues. First problem is the poor blue radiation 
effectiveness owing to severe re-absorption between phosphors emitting green and red lighting. The second 
problem is high manufacturing costs. As a result, several investigations have concentrated on producing 
efficient, long-lasting, single-phase phosphors that emit white lighting with red, green, and blue (RGB) 
elements via the power shift between sensitizes and triggers [11], [12]. A typical technique for achieving 
white light is co-doping ions of Ce*+, Tb**, or Mn”* through power shift for one-stage phosphors [11]-[13]. 
Ce** exhibits conventional parity permitted 5d-4f electronic shifts because it possesses a 4f!5d° ground state 
and a 4f°5d! excited state. Since the host lattice strongly influences the distribution of Ce% energy degree. 
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Explained for the radiation from the 5d-4f transition occur over a wide wavelength range. The ions Tb** and 
Mn” have both been employed as green and red radiation elements in the past. Owing to the prohibited 4f-4f 
shift for Tb** as well as Tı- 6A; transitions for Mn**, the excitation bands of Tb** as well as Mn? ions 
between ultraviolet (UV) and the area that is possible to be seen, are very faint [14], [15]. A common way to 
increase the absorption of Tb** and Mn” in the UV region would be using an effective sensitizer, like Ce**, 
and transfer the forcefully absorbed stimulation power from 5d level of Ce% to level of *D3,4Tb** or 4G level 
of Mn2+'s [11], [16], [17]. Emission-tunable single-phase phosphors are achievable using this method, which 
also saves manufacturing costs, and increases color repeatability and luminescence efficiency [18], [19]. 
Because of the excellent physical and chemical steadiness of them, apatite has been considered as an 
effective host material for phosphors until now [20]—[24]. SraLa(PO4)30 (SLPO) is isomorphic to the apatite 
complex. Furthermore, it also includes two cation locations, a nine-fold coordination 4f location having C3 
point symmetry, as well as a seven-fold coordination 6h location having Cs point symmetry [21]. From earlier 
research of ours, the SLPO: Eu**/Tb**/Ce** phosphors have been examined [22]. Tb** or Mn** were injected 
into SLPO: Ce% in this study. While including power shift in the process to obtain a green radiation 
maximum of Tb** under 539 nm as well as a red radiation range for Mn** having the highest point under 
roughly 605 nm. We also extensively investigated their photoluminescence characteristics along with power 
shifts between Ce** and Tb** as well as Mn**. Through altering the dopant concentration for Tb** or Mn”, 
we can achieve adjustable discharge hues ranging between blue and green as well as warm white, implying a 
prospective application in UV-pumped WLEDs. 


2. EXPERIMENTAL DETAILS 
2.1. Creating phosphor substances 

The traditional high-temperature solid-state process is our choice to make Sr4Laj-x-y(PO4)30: xCe**, 
yTb**, and Sra.,Laj-x.(PO4)30: xCe**, zMn** phosphors with various compositions. Including these starting 
materials: SrCO3 (99%), (NH4)2HPO. (99%), La203 (99.99%), Tb407 (99.99%), MnCO3 (99%) along with 
CeO2 (99.99%). The flux is 2wt% LizCO3 (99%). In terms of combine and grind, an agate mortar was used to 
achieve the stoichiometric starting reagents. The combination was fired for the first time in the air for 3 hours 
at 600 °C, and ground again. Then, we calcined it in a decreasing environment (N2:H2=95:5) for 5 hours at 
1200 °C. An ARL X'TRA powder X-ray diffractometer having Cu Ka radiation (A=1.5406 A) running under 
40 kilovolts along with the presence of 35 mA is to assist in measuring the phase purity. Diffuse reflection 
spectra (DRS) in the 200-700 nm range were acquired using a UV/visible spectrophotometer that utilizes 
BaSOs in the form of a reference. Next, we use a field emission scanning electron microscope for the task of 
analyzing the morphologies for the as-prepared specimens. With an Edinburgh FS5 fluorescence 
spectrophotometer amidst one xenon light working under 150 watts as the illumination source, we obtained 
the photoluminescence excitation (PLE) as well as photoluminescence (PL) spectra. We put the samples 
above a warming apparatus heatable between 25 and 200 °C accompanied by a | °C step. We use the FS5 
spectrofluorometer system to measure the temperature. Then, we determine the samples’ photoluminescent 
extrinsic quantum yields by a globe for the FS5 spectrophotometer. An Edinburgh FLS 920 Fluorescence 
Spectrophotometer was used to measure the fluorescence lifetime. 


2.2. Preparation of phosphor materials 

The most suitable linear fitting around the absorbing rim may be attained using n value of 2 between 
the plots of [F(R)hv]*, [F(R)h], [F(R)h]?, [F(R)h]7, and [F(R)h]!° through the photon power hv. The 
plot of [F(R)h] versus hv is shown in the inset of Figure 1. The SLPO optic bandgap (3.85 eV) can be 
calculated through extrapolating the linear fit to [F(R)h] = 0. 


Figure 1. WLEDs photograph 
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The absorption spectra for SLPO were attained from the reflecting band of colors utilizing the 
Kubelka-Munk (K-M) function for the task of calculating the optic bandgap for the SLPO combination [25]. 


(1-R)? 


F(R) == =K/s (1) 
The reflection, absorption, and scattering coefficients are R, K, and S, respectively. The 
Taucrelation [26] connects the bandgap E; and linear absorbing factor of a substance: 


ahv « (hv — Eg)" (2) 


v indicates the photon power. n values of 1, 2, 3, 4, and 6 correspond to direct permitted shifts, non-metal 
substances, directly prohibited shifts, indirectly permitted shifts, as well as indirect prohibited shifts [26]. 
When the substance disperses in a fully diffuse manner, the absorbing factor K equals 2a. Because the 
dispersing factor S is a constant relative to the wavelength, equation (1) and (2) can be used to express as (3). 


[F(R)hv]? œ (hv — Ez)” (3) 


The phosphor film in the MCW-LED device would be replicated using flat silicone sheets via the 
LightTools 9.0 application and the Monte Carlo approach. This simulation takes place through two distinct 
times: (1) It is critical to establish and create MCW-LED lamp configuration models and optical 
characteristics (2). The optical impacts of phosphor compounding are then properly controlled by the 
SrsLa(PO4)30:Ce**, Tb**,Mn** concentration variety. We must establish several contrasts to determine the 
effect of YAG:Ce** and Sr4La(PO.)30:Ce**,Tb**,Mn** phosphor combination on the output of MCW-LED 
lamps. Dual-layer distant phosphorus, described as two types of compounds with mean CCTs of 3000 K, 
4000 K, and 5000 K, is to be elucidated. Figure 1 depicts MCW-LED lamps with a protective-coating 
phosphor combination and an average CCT of 8500 K in detail. The simulation of MCW-LEDs without 
SraLa(PO,)30:Ce**,Tb**,Mn”* is also recommended. The reflector's bottom lengthiness reaches 8 mm, pitch 
reaches 2.07 mm, and above exterior lengthiness reaches 9.85 mm. The protective-coating phosphor 
combination will be applied to nine chips having a 0.08-mm thickness. All LED chips would be connected to 
the reflector’s gap by a square zone of 1.14-mm/? as well as a pitch measured at 0.15 mm. The radiance flux 
for a chip would be 1.16 W, with a maximal wavelength of 453 nm. 


3. RESULTS AND ANALYSIS 

Figure 2 illustrates the reversal shift in the concentrations of SrsLa(PO.)30:Ce**,Tb**,Mn** 
(Sr:Ce,Tb,Mn) as well as YAG:Ce**, under CCTs of 5700 K and 8000 K in Figure 2(a) and (b), respectively. 
Such an adjustment serves specific purposes: keeping mean CCTs the same, and affecting the absorptivity as 
well as dispersing in WLEDs with two phosphor layers. This, in turn, affects the hue standard as well as 
lighting ray performance in WLEDs. The color quality of WLEDs is thus determined by the Sr:Ce,Tb,Mn 
concentration chosen. When the Sr:Ce,Tb,Mn ratio increased (2%-20% Wt.), the YAG:Ce** concentration 
was reduced for the task of sustaining the mean CCTs. It is also true for WLEDs with color heats ranging 
between 5700 K and 8000 K. 
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Figure 2. Altering phosphor concentration for the task of sustaining median CCT, (a) 5700 K and (b) 8000 K 
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Figure 3 depicts the influence of the Sr:Ce,Tb,Mn green phosphorus concentration on the 
transmitting band of colors in the WLED device under CCTs of 5700 K and 8000 K in Figure 3(a) and (b), 
respectively. We can pick a suitable option by considering the demands of the producers. WLED devices 
with good colour consistency will yield a minor lumen penalty. The amalgam of the spectrum zone will yield 
white illumination, a result demonstrated by Figure 3. The Figure demonstrates one spectrum measured at 
5000 K. As can be seen easily, the strength trend increases with concentration Sr:Ce,Tb,Mn in two sections 
of the light spectrum: 420-480 nm as well as 500-640 nm. Such a rise for the luminous flux may be seen via 
the discharge spectrum with two lines. Additionally, the blue illumination dispersing within the WLED 
device increased. Consequently, the dispersing within the sheet of phosphor as well as WLED device will 
increase as well, and favoring colour uniformity. When Sr:Ce,Tb,Mn is presented, a remarkable result may 
occur. The colour consistency in the remote phosphor configuration with huge temperature would be 
challenging to control. Our research found that Sr:Ce,Tb,Mn, under small as well as huge colour 
temperatures (5600 K as well as 8500 K), can augment the colour standard in the WLED device. 
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Figure 3. The radiation spectra in the WLED device along with Sr:Ce,Tb,Mn concentration: (a) 5700 K and 
(b) 8000 K 


The efficiency for the lumen of the dual-sheet phosphor layout was further demonstrated in the 
paper. As the Sr:Ce,Tb,Mn content increased (2%-20% wt.), the lumen emitted increased dramatically, a 
result demonstrated by Figure 4, under CCTs of 5700 K and 8000 K in Figure 4(a) and (b), respectively. of 
(Figure 5), the colour aberration suffered from an enormous penalty alongside the Sr:Ce,Tb,Mn 
concentration, under CCTs of 5700 K and 8000 K in Figure 5(a) and (b), respectively. The absorptivity from 
the red phosphor sheet may be the cause of such an event. When the Sr:Ce,Tb,Mn phosphor swallowed the 
blue illumination from the LED chip, the blue illumination is converted into the green illumination. The 
Sr:Ce,Tb,Mn particles still embodied the yellow light, besides the blue illumination generated by the chip. 
On the other hand, with the absorptivity of the substance, the blue light absorption from the LED chip 
appears to be more potent, surpassing said absorptivities. With Sr:Ce,Tb,Mn, the green illumination content 
for the WLED device rises, improving the colour uniformity index. Colour uniformity is one of the most 
necessary elements among current WLED light parameters. The higher the colour uniformity index, the 
pricier the WLED. But Sr:Ce,Tb,Mn proves to be inexpensive and can thus be used in a variety of 
applications. 
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Figure 4. The illuminating beam in the WLED device along with Sr:Ce,Tb,Mn concentration, (a) 5700 K and 
(b) 8000 K 
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Colour consistency would be the sole factor for examining WLED colour output. Colour quality is 
claimed to be badly affected by colour homogeneity index. As a result, recent studies have developed a 
colour rendering index (CRI) and a colour quality scale (CQS). As CRI is illuminated, it displays the true 
colour of an object. Too much green illumination between the three principal colours: blue, yellow, as well as 
green, causes the colour imbalance. This has an effect on the colour quality of WLEDs, causing inferior 
colour consistency. A minor CRI penalty in the existence of the remote phosphor Sr:Ce,Tb,Mn layer is 
demonstrated by Figure 6, under CCTs of 5700 K and 8000 K in Figure 6(a) and (b), respectively. 
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Figure 5. The colour deviation in the WLED device along with Sr:Ce,Tb,Mn concentration (a) 5700 K and 
(b) 8000K 
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Figure 6. The colour rendering indiacator in the WLED device along with Sr:Ce,Tb,Mn concentration, 
(a) 5700 K and (b) 8000K 


However, such a penalty would be acceptable. The CQS would be of greater importance and is 
harder to attain than CRI. CQS is an index with three facets, consisting of CRI, beholder's taste, along with 
colour coordinate. For these essential facets, CQS is almost a genuine overall assessment of colour quality. 
An augmentation for CQS caused by the Sr:Ce,Tb,Mn layer is demonstrated by Figure 7, under CCTs of 
5700 K and 8000 K in Figure 7(a) and (b), respectively. When the Sr:Ce,Tb,Mn concentration rise, CQS is 
barely altered as the Sr:Ce,Tb,Mn concentration goes below 10% wt., CRI, along with CQS, is substantially 
diminished when Sr:Ce,Tb,Mn contents rise above 10% wt., a result of significant waste of colour if green 
becomes dominant. Hence, if we utilize Sr:Ce,Tb,Mn, proper concentration selection is critical. 
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Figure 7. The colour standard scale of WLEDs as a function of Sr:Ce,Tb,Mn concentration: (a) 5700 K and 
(b) 8000K 


4. CONCLUSION 

The typical solid-state procedure was used to make a series of SLPO:0.12Ce**,yTb** as well as 
SLPO:0.12Ce**, zMn?*. We also focus on the power shifts between Ce** and Tb** as well as between Ce** 
and Mn”. Dipole-dipole interaction dominated the processes of the two-power shift. The concentration of 
Tb** or Mn” ions can be adjusted to accomplish several emission hues ranging between green-blue and green 
or white. With the stimulation of 310 nm UV-light, it is possible to acquire white illumination discharge 
having a CIE of (0.3326, 0.3298) in the SLPO: 0.12Ce**, 0.3Mn** phosphor. Because of advancements in 
semiconductor, chips used in synthesizing phosphors in LEDs may now be made with a variety of emitting 
wavelengths, indicating that the SLPO: Ce**/Tb**/Mn** would be a great one-stage phosphor to be used in 
WLED. 
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